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(54) Fuel feeding system and method for an internal combustion engine able to be operated 
selectively with gasoline or gas 



(57) In a fuel feeding system (1) for an internal com- 
bustion engine adapted to selectively operate with gaso- 
line or with a gas, such as LPG or methane, the engine 



is compelled to restart automatically in the gasoline 
mode after a stop during which the gas reservoir (11) 
has been filled. 
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Description 

[0001] The present invention relates to fuel feeding 
systems for internal combustion engines able to be op- 
erated selectively with gasoline or gas, such as LPG or 
methane, of the type comprising: 

gasoline feeding means, including a plurality of in- 
jectors associated with the engine cylinders, 
electronic control means controlling the gasoline in- 
jectors, adapted to receiving signals indicative of 
various parameters of the engine operation as well 
as to controlling the gasoline injectors accordingly, 
and 

gas feeding means, including: 

a plurality of gas injectors associated with the 

various engine cylinders, 

a gas feeding rail or manifold for feeding said 

injectors, 

a gas reservoir, 

conduit means for feeding gas from the reser- 
voir to said rail, 

means for sensing the gas level within the res- 
ervoir, 

said electronic control means being adapted to con- 
trolling the switching between a gasoline mode of 
operation and a gas mode of operation and being 
further adapted to controlling also said gas injectors 
in the gas mode of operation, 
said electronic control means being further provid- 
ed such as to compel the engine to be restarted in 
the gasoline mode of operation after a stop. 

[0002] In the so-called B bi-f uel° type feeding systems, 
i.e. systems which are able to operate s electively ejther 
wi th gasoline or gas JLPG o r methane), it is necessa ry 
thatlhe s ystem is operated 'with gas olin e from time to 
time, in order to kee^jt^ejfejejrt even if the user gener- 
alTy prefers to operate the engine in the gas mode. Just 
in order to co mpel the user to operate the system wi th 
gasoline fro m time to time , there are known bi-f uel f ee d- 
in£systejiTSjjrwjT^ as indicated above, t he electro nic 
control means are provided lin order to operate the _e n- 
g inlTwifh" gasoline "t hrough out a limited period of tim e 
after any start su bsequent to a stop . However, this way 
of operation, whilst on one hand ensures the operation 
of the system with gasoline feed, on the other hand 
causes an e xcessive frequence of the gasoline operat- 
ing mode ano^urthermor e does not enabLe _the_adyan- 
tages^"be*exploited deriving from starting the engine 
directly with gas. 

[0003] The object of the present invention is that of 
overcoming this drawback. 

[0004] In view of achieving this object, the invention 
provides a fuel feeding system of the type indicated at 
the beginning of the pres nt description, characterized 



in that the above mentioned electronic control means 
are provided so as to compel the engine to be restarte d, 
after a stop, in thejgso]!^ 

said me ansj or se nsi ng the_ gas level detect a r aise of 
s the ga^eyeNnJhe^resejvo|r,duri the stop by a valu 
greater than a predet ermi ned threshold value. 
[0005] Thus, due to the above mentioned feature, it is 
obtained that rest art in the gasoline mod e i s caused au- 
tomatically not after any engine stop, as in the above 
10 described known systems, but rather o nly after a sto p 
for filling th e gas_ reserv oir. I n other words, the system 
according to the invention still fulfils the object to compel 
the engine to operate with gasoline from time to time, 
so as to keep the gasoline feeding system efficient, but 
is at the same time this result is obtained without exceed- 
ing in the frequence of the gasoline operating mode and 
exploiting the advantages of the gas operation in most 
of the engine starts. 

[0006] According to a further feature, the electronic 
control means are further provided to automatically 
cause a shifting to the gasoline mode when the gas level 
in the gas reservoir decreases below a predetermined 
threshold value. 

[0007] Naturally, the invention also provides a method 
for controlling fuel feeding to an internal combustion en- 
gine which is carried out by means of the above de- 
scribed system. 

[0008] Further features and advantages of the inven- 
tion will become apparent from the description which fol- 
lows with reference to the annexed drawings, given 
purely by way of non limiting example, in which: 

figure 1 is a diagram which shows a first example 
of application of the fuel feeding system according 
to the invention, to an engine able to operate with 
gasoline and LPG : 

figure 2 shows a second example of application of 
the system according to the invention to an engine 
able to operate with gasoline or methane, 
figure 3 is a block diagram which shows the method 
according to the invention in a first embodiment, 
and 

figure 4 is a block diagram which shows the method 
according to the invention in a second embodiment. 

[0009] In figure 1 , reference numeral 1 generally des- 
ignates a fuel feeding system for an internal combustion 
engine of a motor-vehicle, adapted to operate selective- 
ly with gasoline and LPG. System 1 includes a sub-sys- 
tem 2 for feeding the gasoline to the engine, including 
a plurality of gasoline injectors 3 associated with the var- 
ious cylinders of the engine and controlled by an elec- 
tronic control unit 4 on the basis of signals 5 sent to the 
unit 4 and indicative of various engine operating param- 
eters. The sub-system 2 can be made as a conventional 
electronically control I d fuel injection system, and there- 
fore it is not described in detail in the present description 
and in the annexed drawings. 
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[0010] The tuel feeding system 1 according to the in- 
vention further includes a sub-system 6 for feeding LPG 
to the engine. Systems of this type have been known 
and used and have also formed the subject of previous 
patents of the same Applicant (such as European patent 5 
EP-B-0 725 208, and the corresponding US patent No. 
5,592,924). Sub-system 6 comprises a plurality of LPG 
injectors 7 which are associated with the various engine 
cylinders and are communicated to a feeding manifold 
or "rail* 8. Rail 8 is connected by means of a conduit 9 10 
to the outlet of a pump 10 5 arranged within a LPG res- 
ervoir 11. Within conduit 9 there is inserted a pressure 
sensor 12. The LPG fed in excess to the injectors 7 re- 
turns to the reservoir 11 through a return conduit 13 
which communicates with reservoir 11 by means of a is 
one-way valve (not shown in the drawing) which pre- 
vents a LPG flow through conduit 13 towards rail 8. With- 
in reservoir 11 there is arranged a levelsjejisorJA com- 
prising a float 15 and a transducer 16. The sensor 12 
and the transducer 16 send signals indicative of the 20 
pressure within conduit 9 and the LPG level within res- 
ervoir 11 to the electronic control unit 4. 
[0011] The electronic unit 4 is provided for controlling 
also switching between the gasoline mode of operation 
and the LPG mode of operation. During the LPG mode 25 
of operation, the electronic control unit 4 also attends to 
controlling the LPG injectors 7 on the basis of the signal 
received from sensor 1 2 which detects pressure of LPG 
(which is function of the temperature), so as to enable 
the opening time of injectors 7 to be controlled accord- 30 
ingly. 

[0012] Figure 2 shows the variant in case the system 
is adapted to operate with gasoline or methane. In this 
case : the reservoir 11 is constituted by a cylinder in 
which the methane is stored at a high pressure (in the 35 
order of 200 bars), while in the feeding conduit 9 there 
is interposed a pressure reducing device 17 which 
serves for decreasing the pressure of methane down to 
the value requested for proper operation of injectors 7. 
Also in this case a sensor 14' is provided, which is a 40 
pressure sensor, whose function is similar to that of the 
level sensor 1 4 of the system of figure 1 . 
[0013] The diagrams shown in figures 1 , 2 refer to two 
possible applications of the system and the method ac- 
cording to the invention. 45 
[0014] With reference to figure 3, which relates to a 
first embodiment of the invention, the electronic control 
unit 4, both in the case of figure 1 , and in the case of 
figure 2, is provided so as to compel the system to op- 
erate in the gasoline mode throughout some period of so 
time when the engine is started after a stop, in case 
meanwhile the reservoir 11 has been filled. In particular, 
with reference to figure 3, the electronic unit 4 acquires 
the gas level signals "Iqld" and "Wew" be<ore anc * a * ter 
(see items 19, 20) a stop 18 of the engine. When the ss 
engine is restarted (see block 21) the unit checks that 
the difference between the l NEW level detected at 20 and 
the l OLD detected at 19 is greater than a predetermined 



threshold value "s"\ If it is so (which indicates that the 
reservoir has been filled) the system is compelled to op- 
erate in the gasoline mode for some time (see block 22). 
Upon completion of this predetermined time interval the 
system returns automatically into the gas operation 
mode (see block 23) and remains in this mode until the 
engine has a new stop 18. However, if the comparison 
made at 21 does not show that the reservoir has been 
filled during the stop, when the engine is restarted it is 
operated immediately in the gas mode (see line 24). 
[0015] By means of this control method, the system 
is compelled to operate with gasoline from time to time 
(precisely when the engine is restarted after any refilling 
of the gas reservoir), but not so frequently as it happens 
in the known systems where it is compelled to operate 
with gasoline systematically upon any engine restart. In 
this manner, a very good compromise is achieved be- 
tween the need of keeping the gasoline feeding system 
efficient and that of exploiting the advantages deriving 
from Ihe gas operation as much as possibldv even in the 
engine starting stages. 

[0016] Figure 4 relates to a further embodiment in* 
which, further to providing a control method as de- 
scribed with reference to figure 3, the unit 4 also attends 
to switching automatically from the gas operation mode 
to the gasoline operation mode if the level sensor 14 
detects a decrease qfjh e ga^Jev.eJJrxthej^se rvo ir be low 
a mTnfmujrij^^^ solution is particularly 

useful in case of the application shown in figure 1 , since 
it avoids that the fluid level in reservoir 11 lowers below 
a minimum value for proper operation of pump 10. 
[0017] In the mode shown in figure 4, during operation 
of the system in the gas mode (block 23) a check is car- 
ried out (block 25) to see that the level in the reservoir 
is not lower than a minimum admissible value °s". If the 
level is above this value (line 26) the system keeps on 
operating with gas. However if the level is lower (line 27) 
the system is switched automatically into the gasoline 
mode (block 28). In case of engine stop (block 18), the 
signal of the gas level in the reservoir before Oold) and 
after (l NEW ) the stop is acquired. When the engine is re- 
started (block 21 ) first of all a check is carried out to see 
whether the new level is lower than a minimum admis- 
sible value (corresponding to the "s" value with the ad- 
dition of an istheresis I value). If the level is lower,, the 
system is restarted in the gasoline mode (line 29). If the 
level is greater, the check of block 21 is carried out as 
already seen in the case of figure 3. If it comes out that 
during the stop the gas reservoir has been filled (line 31 ) 
the system is operated in the gasoline mode for a pre- 
determined time interval, whereupon it returns to the gas 
mode (line 32, block 23). If instead no filling of the gas 
reservoir has been carried out during the stop (line 33) 
the system is restarted in the gas mode. 
[0018] In the case in which, although starting should , 
be carri d out with gasoline, the engine does not start, 
for instance because of lack of gasoline, the system au- 
tomatically switches to the starting in the gas mode and 
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stores the information of "failed starting with gasoline" 
in a memory to be used at the subsequent starting. 
From the foregoing description it clearly appears that the 
system and the controlling method according to the in- 
vention exploit the advantages of the starting in the gas 
mode while ensuring that the gasoline feeding system 
is kept efficient by activating from time to time the gaso- 
line mode throughout a predetermined time interval after 
a start, whereupon the system switches automatically 
to the gas operation mode. 

[0019] Naturally, while the principle of the invention 
remains the same, the details of construction and the 
embodiments may widely vary with respect to what has 
been described and shown purely by way of example, 
without departing from the scope of the present inven- 
tion. 

[0020] For instance, the electronic unit 4 can be con- 
stituted by single unit which attends to controlling the 
system both in the gasoline mode and in the gas mode 
as well as to controlling switching between one mode 
and the other. Alternatively, two separated units may be 
provided respectively for controlling the gasoline feed- 
ing subsystem and the gas feeding subsystem. 
[0021] Furthermore, it is possible to provide for the 
system excluding the restart in the gasoline mode after 
the gas reservoir has been filled if the engine has been 
operated in the gasoline mode throughout a very long 
period of time for the reason that the gas level in the 
reservoir was below the minimum level at which switch- 
ing to the gasoline mode is automatically controlled, as 
shown in figure 4. 



Claims 

1 . Fuel feeding system for internal combustion engine 
adapted to be operated selectively with gasoline or 
a gas, such as LPG or methane, comprising: 

* - gasoline feeding means (2), including a plural- 
ity of injectors (3) associated with the cylinders 
of the engine, and 

electronic control means (4) controlling the 
gasoline injectors (3), adapted to receiving sig- 
nals (5) indicative of various parameters ol op- 
eration of the engine as well as to controlling 
the gasoline injectors (3) accordingly, and 
gas feeding means, including: 

a plurality of gas injectors (7) associated 

with the engine cylinders, 

a gas feeding manifold or rail (8) for feeding 

said injectors (7), 

a gas reservoir (1 1 ) : 

conduit means (9) for feeding gas from the 
reservoir (11) to said rail (8), 
sensor means (14,14') for sensing the gas 
level in the reservoir (11), 
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said electronic control means (4) being adapted 
to controlling switching between the gasoline 
operation mode and the gas operation mode 
and being further adapted to controlling the gas 
injectors (7) in the gas operation mode, 
said electronic control means being further 
adapted to compel the engine to restart in the 
gasoline mode after a stop, 

characterized in that said electronic control 
means (4) are adapted to compelling the engine to 
restart in the gasoline mode after a stop only if said 
sensor means (14) detect a raise of the gas level in 
reservoir (11) during the stop by a value greater 
than a predetermined threshold value. 

Fuel feeding system according to claim 1, charac- 
terized in that said electronic control means (4) are 
also adapted to automatically switching the system 
from the gas operation mode to the gasoline oper- 
ation mode if said sensor means (1 4, 1 4') detect that 
the gas level in the reservoir (11) is lower than a 
minimum admissible value (s). 

Method for controlling fuel feeding in an internal 
combustion engine adapted to selectively operate 
with gasoline and gas, such as LPG or methane, 

wherein gasoline feeding means are provid- 
ed, including a plurality of injectors (3) associated 
with the engine cylinders, and gas feeding means 
are provided, including: 

a plurality of gas injectors (7) associated with 

the cylinders of the engine, 

a gas feeding manifold or rail (8) for feeding gas 

to the injectors (7), 

a gas reservoir (11), 

conduit means (9) for feeding gas from the res- 
ervoir (11) to said rail (8), and 
sensor means (14, 14') for sensing the gas level 
in the reservoir (11), 

wherein the engine is compelled to restart in 
the gasoline mode after a stop, 

characterized in that the gasoline operation 
mode is automatically activated when the engine is 
started after a stop only if said sensor means have 
detected that during the stop the gas level in the 
reservoir (11) has raised of a value greater than a 
predetermined threshold value (s 1 ). 

Method for controlling fuel feeding in an internal 
combustion engine according to claim 1 , character- 
ized in that the system is switched from the gas op- 
eration mode to the gasoline operation mode if said 
sensor means (14, 14') detect that the gas level in 
the reservoir (11) lowers below a minimum admis- 
sible value. 
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(54) Fuel feeding system and method for an internal combustion engine able to be operated 
selectively with gasoline or gas 



(57) In a fuel feeding system (1) for an internal com- 
bustion engine adapted to selectively operate with gaso- 
line or with a gas, such as LPG or methane, the engine 



is compelled to restart automatically in the gasoline 
mode after a stop during which the gas reservoir (11) 
has been filled. 
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